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ABSTRACT 
As the production cycle in the rías during red tides of migrating 
organisms developes through three levels (carbohydrates production, 
uptake of nutrients and remineralization), a three layered box was 
used to calculate the production of Gymnodinium catenatum in this 
three levels during a red tide occurred in October 1986 in the Ría de 
Vigo. The vertical migration of Gymnodinium catenatum showed 
differential synthesis of cellular compounds. The production of 
carbohydrates takes place in the first leve1 while the uptake of 
nutrients occurs in the second one, using these carbohydrates as energy 
source. Therefore a vertical transport of nutrients is produced by G. 
catenatum. By using this box model we can distinguish between the 
production carried out by this organisms endowed with vertical 
migration and the usual one following a Redfield ratio. 
INTRODUCTION 
It is well known that Ria de Vigo works as a partially mixed 
positive estuary and that circulation takes place in an upper layer with 
water output, and a deep layer with oceanic water input. Therefore we 
can consider 3 layers: an output upper layer, an input deep layer and a 
middle layer with zero horizontal flow. During a red tide composed by 
diel vertical migration organisms (Figueiras and Fraga, 1990, Fraga et 
a "  1992), production was carried out in two upper levels: 
carbohydrates production in the upper and uptake of nutrients in the 
middle layer, apart from the mineralization taking place in the deep 
one. 
In this paper we establish a three layered box in order to calculate 
the nutrient budget and the production of Gymnodinium catenatum 
during a red tide. 

MATERIAL AND METHODS 
The sampling was carried out in Ría de Vigo on board the RN 
"García del Cid" on 3 October 1986. Fig. 1 shows stations 2 and 3 
framing the box used in this work. Samples were taken with 5 liters 
Niskin bottles. Nutrients were analyzed by means of an autoanalyzer 
(Hansen and Grasshoff, 1983; Mouriño and Fraga, 1985). A 
"Metrohm" E-654 meter, with an Orion 81-04 electrode calibrated 
with 7.413 NBS buffer was used to determine pH. An automatic 
titration system "Methrohm" E-425 was used to measure alkalinity 
with HCl to final pH 4.44 (Pérez and Fraga, 1987). Total inorganic 
carbon (TIC) was calculated using the equation of the carbonic system 
and the constants determined by Mehrbach et al (1973) from pH and 
akalinity. 

Nutrient budgets and production have been quantified using the 
two layer box model described by Pritchard (1969) and modified by 
Ríos et al (1995) by adding another layer (fig. 2). So, this box system 
has an upper layer (UL), a middle layer (ML) and a deep layer (DL). 
The box model uses salinity as a natural tracer. The ML is located 
in the leve1 where the net horizontal flow is zero. Therefore only 
upward fluxes are considered. Once we know the outflow and inflow in 
each layer, the nutrient quantity entering and coming out can be 
calculated. Thus, nutrient balance in a box layer is given by the 
diference of output less input of this nutrient. Positive values indicate 
regeneration of nutrients, negative values indicate nutrients uptake by 
phytoplankton. The precission of fluxes is given by the river flow and 
has been evaluated to be 10%. 
Pc = Precipitation less evaporation in the box 
Ec = Runoff in the box 
Av = Sewage to the box 
P = Precipitation less evaporation in the previous box 
River = River flow plus runoff in the previous box 
Sx = Salinity 
Qx = Upward flux 
Qxx = Horizontal flows 
M = Mixing 
Zm = Mean depth where the net horizontal flow is zero 
RESULTS AND DISCUSSION 
The general circulation on 3 October 1986 was affected by a slight 
upwelling which only reached the surface in the innermost part of the 
Ría de Vigo, and providing nutrients at  10 m in the rest of the ría 
(Figueiras and Fraga, 1990). The situation in the box chosen for this 
study shows an input of nutrients coming to wall 2 in the upper layer 
(Fig. 3). Under this condition Skeletonema costatum dominated near 
wall2, reaching about 75% in number of species (Figueiras and Pazos, 
1991). As water advanced towards wall 3, the nutrients became 
depleted but in the nutricline situated in the middle layer there were 
3.24 mmol. kg-1 of NOS-. Gymnonidium catenatum endowed with 
vertical migration took advantage of this situation and became 
dominant in the closeness of wall 3. Due to the typical estuarine 
circulation, some nutrients can reach the upper layer but, in this 
particular case, the elevation of water in this box, calculated by Prego 
(1987), is 21 cm.d-l. Therefore, and taking into account that the leve1 
of the middle layer is placed about 10 m, the fertilization of the upper 
layer by this means would take too much time. 
Table 1 shows the budget of nitrate, total inorganic carbon and 
dissolved oxygen in the three box layers. Positive values indicate 
regeneration of nutrients, the negative ones represent uptake. In the 
case of dissolved oxygen, positive values indicate production, and 
negative mineralization. Considering this data, it is worth noting an 
important phytoplanktonic production in the upper layer. However 
two kinds of production occurr in this layer: i) a typical production 
carried out by Skeletonema costatum and ii) a carbohydrate production 
carried out by Gymnodinium catenatum. In the middle layer there is an 
uptake of nitrate without consumption of total inorganic carbon and 
there is also an utilization of oxygen. Therefore, the uptake of nitrate 
must be done using the carbohydrates synthesized in the upper layer as 
energy source. Two processes are developed in this layer: i) uptake of 

nitrate using energy stored as carbohydrates and ii) remineralization 
of carbohydrates. I n  the deep layer only remineralization processes 
take place but examining the results, other two processes are  
simultaneously carried out in this layer: i) typical remineralization and 
ii) remineralization of carbohydrates only. 
TABLE 1 
Budget of nitrate, total inorganic carbon and 
dissolved oxygen, expressed in mmo1.m-2.d-1, in 
the three box layers during a red tide of 
Gymnodinium catenatum 
Upper Layer 
Middle Layer 
Deep Layer 
~ 0 3 -  
-12 
-6 
2 
TIC 
-311 
50 
60 
o 2  
350 
-40 
-61 
The processes developed in the three box layers, already explained, 
can be summarized in three stoichiometric equations: 
Redfield type RN/Rc C 0 2  + N 0 3  e [OM] + RN 0 2  (1) 
Carbohydrates type c o 2  e [Cbh] + R ' *  0 2  (2) 
Red tide type [Cbh] + NO3 -+ [OM] + RN (1-R YRc) * Ko2 (3) 
where Rp-AOzlAN03. Rc-AO2IAC02 according to equation (l), 
R'=-AO21AC02 according to equation (2). The R'=l when the 
production or  remineralization is only carbohydrates, although 
normally the value is slightly higher because a little amount of store 
lipids is simultaneously produced. The equations (1) and (2) are 
reverse while equation (3) always work in one way. R N / R ~ C I N  ratio. 
[Cbh]=carbohydrates. [OM]=organic matter. 

Assigning R c 1 . 4  (Laws, 1991) and R ~ / R c 5 . 6 7  (from data of 
particulate organic matter analyzed in stations 2 and 3; Figueiras et al. 
1987), using the data of Table 1 and following the equations already 
described, we are able to calculate the simultaneous processes in each 
box layer. Table 2 shows the data of the partition of the production 
and mineralization in the three processes explained by means of the 
equations (1) to (3). 
In the upper layer a high production takes place. Most part of it 
(78%) corresponds to a production of carbohydrates carried out by 
Gymnodinium catenatum (equation 2). The rest (22%) is made by 
diatoms whose dominant species is Skeletonema costatum (equation 1). 
The total production in this upper layer is 3732 mg C. m-2.d-1, an 
expected value for a bloom production in the Ría, taking into account 
that the seasonal mean integrated net production in station 3 (Ría de 
Vigo) estimated by Moncoiffée (1995) by using the oxygen method is 
1853 mg C m-2.d-1, 
In the middle layer, the carbohydrates used by the migrating 
dinoflagellates for the utilization of nitrate to synthesize proteins has 
been calculated (equation 3) and simultaneously the amount of 
carbohydrates oxidized (equation 2). In the deep layer the 
remineralization of carbohydrates (equation 2) and Redfield type 
(equation 1) have been separately calculated. It is noteworthy the high 
leve1 of carbon compounds in the organic matter mineralized. 
CONCLUSIONS 
. In the upper layer, the Gymnocliniunz cnte~zaturn production is 2928 
mg C. m-2.d-1, being for diatom 804 mg C. m-2.d-1. 
. In the middle layer, the utilization of nitrate due to the migration of 
Gymnodiniunz catenntum is only 144 mg C. m-2.d-1 , which suggest 
that the most part of the carbohydrates produced by these organisms 
in the upper layer is exported to the mouth of the Ría. 
In the deep layer, the mineralization is due to the carbohydrates 
compounds. This box model of three layers allow us to divide the 
total production in the normal Redfield production of the differential 
synthesis of cellular compounds produced by the dinoflagellates 
endowed of diel migration. 
